This paper presents results which concern regularities of propagation of discontinuous zones from mined-out space in rock massif with inclined bedding structure. The dependencies of maximal height of these zones from the inclination angle of productive beds were found. The mechanical model of rock massif was chosen as viscoelastic and transversely isotropic. Finite element method was used for calculation performing. Coulumb-Mohr and maximal elongation criteria were used for determination of discontinuous zones.
Introduction
For predicting the deformation processes in the rock's massif it is important to develop rock's massif models that adequately describe its state and behavior depending on the ultimate objectives of the study. When this is to be done, it is very difficult to allow for the time-varying behavior of the stress-strain state in the massif because of a great variety of influencing factors. The main difficulty is associated with the non-uniform, block structure of the massif. The availability of the systems of small and large block fractures, fracture rupture and large tectonic breaches in the massif, a different orientation of these structural disturbances with respect to the geometric parameters of underground structures, as well as a diversity of fracture fillers and contact conditions of fractures in the massif make the account of structure non-uniformities very intricate.
The presence of the natural hierarchic structure in the rock's strata due to the available surfaces and geological breaches, as well as due to inclined bedding, defines complex deformation processes in rock's massifs as a result of both natural geophysical processes and mancaused sources.
As one of the primary targets in studies of deformation processes in a mined massif with inclined bedding the following can be defined: 1) Depending on the mining schemes of rock's strata (spatial and time factors) to determine the main characteristic zones in a mined massif with inclined bedding and to establish the special features of their formation unlike a massif with horizontal bedding;
2) Investigation the process of a subsidence trough formation during mining works.
The present work contains the research results for definition of the special features of the propagation of discontinuous zones in a mined potassium massif with inclined bedding. According to the above-mentioned two major tasks, the solution of the formulated problem is associated both with studying the strain state of the rock's strata and with revealing the characteristic zones in the massif from the mining depth to the earth's surface.
Special attention should be paid to solving such important tasks as the dimensioning of the zones of increased stress and, specially, tensile stresses on nonuniformities; the assessment of possible man-caused fractured zones; the assessment of the characteristic sizes of fractures and blocks into which the space in the vicinity of the mine can be subdivided; the substantiation of possible means of reducing the above-mentioned dan-gerous effects.
The most significant factors which should be taken into account in constructing a geomechanical model for the massif state throughout its entire strata are the following: 1) Structural-geological regional features of rock's strata;
2) Effective physical-mechanical properties of rock's strata;
3) Man-caused impact characteristics (mining plans); 4) Natural and induced stress states of massif; 5) Characteristic areas in the massif found through the strain and stress states.
It should be noted that a lot of works [1] [2] [3] [4] [5] are concerned with considering the problems for definition of regularities of discontinuity zones and subsidence in rock's massifs. However, we did not meet the works dealing with the definition, for example, the extent of these zones from the mining as a function of the slope angle of potash and salt beds. Yet, this task is very important in predicting a required depth of water-protective strata on salt and potash deposits and in making recommendations on the protection of mines from flooding. Owing to this, the influence of the slope angle of productive beds on the height (extent) of possible man-caused fractured zones due to the mining of a single longwall is assessed in the present work.
Echoice of the Massif Mechanical Behavior Model
For deposits of layered structure and flat occurrence of enclosing rocks the deformation processes develop from the mining depth to the earth's surface, followed by a successive exfoliation of a set of beds and a subsequent failure of some of them. In the case of inclined bedding the deformation process of rock's strata can have some distinctive features. For rock's massifs when mining at large depths, besides the rock's massif compressive, tensile, bending strength, as well as the elastic properties of the massif, the massif cohesion and friction must be taken into consideration, too. The last condition is due to the fact that as it follows from the strength certificate, at the rocks deformations the friction influence increases and the cohesion influence decreases with increasing loads.
The existence of sliding surfaces must be taken into account when computational model schemes for the geomechanical state in the vicinity of the underground mining are constructed.
Note. The position of sliding surfaces depends on the mining type and the massif stress state form.
As a result of our earlier studies it is shown (see, for example, [6] [7] [8] [9] ) that the behavior of potassium massifs is correctly described by the viscoelastic transversal-isotropic model. The fundamental governing equations and the relations of the mentioned model are outlined, for example, in works [6] [7] [8] [9] [10] .
It should be noted that the consideration of the rock's massif as a transversal-isotropic medium is proved to be correct from the physical viewpoint. This depends on the fact that the massif is a multi-bed medium with different contact conditions of beds. It seems impossible to take into account all these conditions directly in the computational model. At the same time, the adoption of the transversal-isotropic model enables one to allow for the rock's bedding at the stage of constructing a model. It can be emphasized that the transversal-isotropic model of the rock's massif is actively employed and a wide use in a literature [1] [2] [3] [4] [5] 10] .
In work [10] it is shown that the shear modulus in the perpendicular direction to the rock's bedding exerts a main influence on the characteristics of the forming subsidence trough for rock's massifs with bedding. If in the mentioned direction the shear modulus values found in laboratory conditions are absent, then it is recommended to take its value as equal to 5% -15% of the shear modulus value in the rock bedding direction.
Based on the previously performed numerical experiments made within the framework of the previous researches (see, for example, [6] [7] [8] ) it was established that for the considered class of problems it is enough to choose several (namely, three) basic sets of rock's beds with different physical-mechanical parameters. The conventionally selected three basic sets of rock's beds can be called sedimentary bed, argillo-marlaceous strata (AMS) and salt bed.
The physical-mechanical properties of the selected sets of rock's beds are cited in Table 1 [11] .
It should be noted that for each selected set of rock's beds the anisotropy direction is different. So for the set of salt beds this direction is perpendicular to the direction of the mined space. For the set of the AMS bed, the bed occurrence direction was taken at the angle that is twice less than that of the salt bed occurrence. The sedimentary bed was taken to be horizontal.
The system of resolving equations was built, assuming that the statement of the model problem was two-dimensional. In this case this is relevant, since consideration is made of the longwall, whose length exceeds its width several times and the section at the center of a single 
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3 longwall is most dangerous. Problems were solved using the finite-element software TOCHNOG.
Description of the Simulation Domain Geometry
Based on the initial data on geological sections, the example of one of which is shown in Figure 1 , the following geometry of the model is chosen (Figure 2 ). The mined space was assigned by removing the elements that are "presence" in this domain. The mined space parameters were chosen as follows:
1) Difference between the low mark of the salt roof and the mined space center: 100 m; 200 m; 300 m H ∆ = ; 2) Slope angle of the mined space: 0 ; 5 ;10 ; 15 ; 20 ; 25
The mined space pattern is shown in Figure 3 .
Criteria for Allocation of Dangerous Zones in the Mined Massif
The behavior of geomaterials and rock's massifs as a whole has its features in comparison with other types of deformable media. Among such characteristics of geomaterials it is first necessary to emphasize that the tensile and compressive strength limits of geomaterials are substantially different. With regard to the deformation features of the mined rock's strata the characteristic areas in the massif were defined using the following criteria:
1) The maximum linear strain criteria (investigation of the conditions for macrofracture formation in the zone of smooth beds bending) [12] that are written in terms of the strain state ( )
where lim ext ε is the ultimate tensile strain corresponding to the moment of the elasticity limit (positive value); lim pres ε is the ultimate compressive strain corresponding to the moment of the elasticity limit (negative value);
2) The Coulomb-Mohr criterion [12]
where 1 σ , 3 σ , are the maximum and minimum principal stress values, respectively; C is the rock cohesion; φ is the internal friction angle. So, to construct possible man-caused fractured zones in the mined potassium salt massif with inclined bedding, the criterion of maximum linear/horizontal strains in form (1) and the Coulomb-Mohr criterion in form (2) were used.
Basic Results of Numerical Simulation
The procedure of solving the problem on the selection of characteristic areas in the massif represented the iteration solution sequence of mechanics problems on the behavior of an elastic deformable rigid body and the definetion of new effective elastic characteristics at each step.
At the first stage, using the data [13, 14] on the pro- posed occurrence heights of man-caused water supply fractures on the Starobin's potash deposit the quantity lim ext ε was found. It is known that the maximum occurrence height of man-caused water supply fractures on the Starobin's deposit is approximate 120 m. It is also known that the slope angle of bedding varies from 0 to 100. Ultimate strain values can be taken after solving the inverse problem. To do this, define maximum strains in the line being at 120 m from its center at the angle of the mined space equal to 0 and 10 degree. Graphs the horizontal and principal strains at the slope angles of 0 and 10 degree are shown in Figures 4 and 5 .
From the presented plots it is seen that the value of ultimate strains is . At the first stage of numerical experiments, computations were made to assess the height of the massif discontinuity zone at different slope angles of the mined bed according to the maximum linear strain criterion.
Some computation results for different values of discontinuity zones obtained according to the maximum linear strain criteria are shown in Figures 6-9 . White color denotes the discontinuity zones according to this criterion at different slope angles of a single longwall and at different depths of the mined space center.
Tables 2-7 contain the computation results for the dangerous zone depths determined using the maximum linear strain criteria. In this case, the distances to the corresponding points were determined according to Figure 10 .
At that, the variation coefficients of the height were computed with respect to the zone height at a bed slope angle of 10 degree.
The analysis of the obtained results shows that if the distances of the mined space center from the salt roof are 100 m and more, then the mining poses a great risk since in this case, the possible man-caused fractured zones are already crossing the salt roof and penetrate into the argillo-marlaceous strata.
As a result of numerical simulations it is found that the height of possible man-caused fractured zones from the mining does not depend on the mining depth. So, the maximum value of the man-caused fractured zones coefficient increase in computations from the lower edge of the mined space is 1.12. Moreover, the analysis of the height variations of a fractured zone from the mining in the vicinity of the upper edge has yielded that the height of this zone decreases. The same can be said when the height is computed from the mined space center.
At the next research stage, the discontinuity zones according to Coulomb-Mohr criterion (2) were determined. Figures 11-14 demonstrate the computation results. The discontinuity zones according to (2) are made in white. Tables 8-13 contain numerical results for the distribution of heights of possible man-caused fractured zones from the mining obtained with the use of the Coulomb-Mohr criterion at the basic variations of the mining parameters.
The analysis of the obtained results with the use the maximum linear strain criterion showed that if the distances of the mined space center from the salt roof are 100 m and more, then the mining poses a great risk since in this case, the possible man-caused fractured zones are already crossing the salt roof and penetrate into the argillo-marlaceous strata. In this case it was also found that the penetration height of possible man-caused fractured zones insignificantly depends on the mining depth.
Of interest is the fact that the maximum increase coefficient of the height of man-caused fractured zones from the mining in computations from the lower edge of the mined space in this case is 0.98. Thus, the height of the dangerous zone from the lower edge does not increase, but decreases. The same may be said when the height of the discontinuity zone computed from the mined space center and from the upper edge of the longwall. In this case, there is a more substantial decrease in the coefficients of increase of the height of the mentioned zone from the mining.
It is also established that in the case of horizontal and M. A. Zhuravkov ET AL. flat occurrence of beds the main discontinuity zones are formed in the rock's strata above the edge zones of the mined space. In the case of a steeper occurrence of beds, possible man-caused fractured zones are formed already M. A. Zhuravkov ET AL. above the entire longwall.
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Conclusions
Thus, the present work contains the results of research for assessment of the height of possible man-caused fractured zones from the mining at different depths of the Table 6 . Heights of possible man-caused fractured zones from the mining at a mined space center depth of 910 m (the thickness of salt-bearing deposits above the mined space center is 300 m) according to the maximum linear strain criterion. problem and by analyzing the experimental data the ultimate quantities being a part of the mentioned criteria were found; in particular, these are ultimate tensile strains, internal friction angle and rock cohesion. Initial physical-mechanical characteristics of main beds were also selected. Mean depth values of these beds were revealed. At the next stage, computations were made according to the selected characteristics and the stress-strain state of the rock's massif in the vicinity of the mined space was analyzed. According to the selected criteria, the potential possible man-caused fractured zones were found.
The obtained computation results made it possible to state that: 1) At a mined space center distance of 100 m and more from the potash roof the mining is very dangerous, since possible man-caused fractured zones in this case cross the salt roof and penetrate into the argillo-marlaceous strata. The above-said is valid for the both criteria;
2) The height of possible main-caused fractured zones from the mining insignificantly depends on the mined space depth;
3) When the maximum normal elongation criterion is used, the maximum increase coefficient of the height of massif discontinuity zones from the mining in computations from the lower edge of the mined space is 1.12, when the Coulomb-Mohr criterion is used -0.98; 4) When the height is computed from the mined space center and from the lava upper edge, the height of possible man-caused fractured zones decreases with increasing slope angle of the mined space; 5) In the case of horizontal and steep occurrence of beds, when the Coulomb-Mohr criteria are used, the main discontinuity zones are located in the edge zones of the mined space and in the case of steeper occurrence, possible man-caused violations are formed already above the entire single longwall; 6) When the maximum normal elongation criterion is used, the main discontinuity zones are located above the edge zones of the mined space.
